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by I 
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on May 15# 1969 in partial fulfillment of the requirement 
for the degrees of Master of Science in Nuclear Engineer- 
ing and Nuclear Engineer, 

ABSTRACT 

Design studies are performed and problem areas 
analyzed v;ith respect to the redesign of the MIT Reactor 
in order to accommodate a compact core configuration. 

Mechanical design studies are performed for a DgO 
moderated, cooled, and reflected compact core design! 

Designs are proposed for the core tank and reactor top 
shielding configuration, the core support mechanism, the 
control rod drive mechanisms, and the refueling mechanism. 

The necessary composition and thickness of reactor top 
shielding are determined and shielding calculations per- 
formed for both a D2O cooled core and an H2O cooled core. 
Shielding above the D2O core consists of an 8 ft, column of 
D2O plus a shielding enclosure consisting of 6 in, of mason- 
ite, 1/2 in, of boral, and 1 ft, of lead, through v;hich a 
maximum dose rate of 0,2 mrem/hr is calculated. Shielding 
above the H2O cooled core consists of 11 ft, of H2O topped 
by a 10 in, lead cover, through which a maximum dose rate 
of 0,9 mrem/hr is calculated. 

The fluid flow and heat transfer problems associated 
with the design of a compact core configuration are analy- 
zed and it is determined that the currently installed MITR 
process system is not capable of providing adequate heat 
removal from the compact core, if smooth flat plate fuel 
elements are utilized. An experimental investigation is 
undertaken to determine the effectiveness of using fins as 
a means of augmenting fuel plate heat transfer. Heat 
transfer from a smooth rectangular channel 2,5" x O.090" x 
25-I/2” is first Investigated and experimental results 
confirm the validity of using the modified Colburn corre- 
lation, NUj^ = 0.023 Re^^*° Pr^6.3^ to predict smooth 
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channel heat transfer values. Two finned channel test 
sections are investigated, one v/ith fins cut into the 
channel transverse to the coolant flow direction, and a 
second with fins milled parallel to the coolant flow . 
direction. In each case the fins are milled to be 20 
mils high, 20 mils wide, and spread 40 mils apart. The 
transverse fins are found to augment heat transfer by a 
factor of 2.2, v;hile a factor increase of 1.6 is obtained 
from the longitudinal fins. Hov/ever, due to safety, 
pressure drop and cost considerations, longitudinally 
finned fuel plates are recommended for use in the High 
Flux MIT Reactor. 

Supervisor; Dr. Theos J. Thompson 
Title: Professor of Nuclear Engineering 
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INTRODUCTION 

1 

Since its completion in the Spring of 1958, the MIT 
Reactor has served as a vital research tool for the MIT 
and surrounding scientific community. At the time the 
MIT Reactor was designed, little was known of compact, 
heavy water moderated cores. Consequently, the MIT Reactor 
was designed with fuel element spacing sufficient to pro- 
vide for a high percentage of neutron moderation to take 
place within the core area. Results published in 1964 
upon the completion of the Brookhaven High Flux Beam 
Research Reactor provided the experimental information 
needed on compact, undermoderated core configurations in 
order to accomplish an exaggerated thermal flux peak in 
the reflector. By incorporating a similar compact core 
design into the MIT Reactor, it is reasonable to assume 
that the thermal flux coming out of the beam ports could 
be increased by at least a factor of three, and possibly 
as much as a factor of four or five. Such an increase 
would markedly increase the value of the MIT Reactor to 
research. In addition, if the beam ports were to be 
located below the base of the core, the core gamma ray 
and fast neutron background would be markedly reduced in 
intensity due to the fact that any core gammas and fast 
neutrons which leak out must have been scattered at 
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least once previous to escaping. Such a design would 
markedly increase the quality of the thermal neutron 
beam emitted from the beam ports. 

It is primarily for the above reasons that a MITR 
redesign group was formed under the direction of Dr. 

T.J. Thompson. The design group is composed of both 
graduate students and MITR staff personnel. Besides Dr. 
Thompson and the author of this thesis, the members of 
the design group who have been active throughout the re- 
design process are graduate students: Andrews Addae 

working on core physics, Dan Kennedy working on beam port 
optimization, and Bob Sanders working on a cold neutron 
facility for the thermal column. Mr. Ed Barnett, working 
on all engineering phases of the redesign, represents the 
MITR staff. 

Although never stated formally in writing, the design 
criteria outlined orally by Dr. Thompson at the outset of 
the design were the following: 

1) The thermal neutron flux at the beam ports must 
be Increased by a factor of 3-5. 

2) The redesigned reactor must be as safe, or 

I 

safer, than the existing reactor. 

3) Simplicity of design must be a prerequisite for 
the design of any component. 
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4) There must be no buried mechanisms, 

5) There must always be a means for retreat. To 
quote Dr. Thompson, "We have a going reactor, we don't 
want to replace it with a monument." 

6 ) The redesigned reactor must be reliable. 

7) The cost of the redesign project must be within 

$ 500 , 000 . 

The redesign project has actually been divided into 
two distinct design phases. The first phase began in 
earnest in the Fall of 19^7 and was centered around the 
design of a D^O moderated, cooled and reflected reactor. 
Phase I concluded in the Fall of 1968 and was succeeded 
by an intermediate phase in which a mixture of H 2 O and 
DgO was considered as the moderator and coolant for the 
core, with pure DgO as the reflector. In December of 
1968 phase II began. Phase II is centered around the 
design of a light water cooled and moderated core surrounded 
by a heavy water reflector. 

At the outset of phase I, it was apparent that there 
would be many challenges in the area of mechanical design. 
The incorporation of a compact core configuration dictated 
that new methods be devised to support not only the fuel 
elements, but the control elements as well. A change in 
core tank design seemed to be required. This author's 
first responsibility as a member of the redesign team was, 
then, to attempt to find solutions to some of the many 
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design problems confronting the redesign project. The 
work done toward this objective is summarized in Chapter 
2 of this thesis. 

As the redesign project continued and a necked cool- 
ant tank was adopted, concern for the requirements of 
reactor top shielding emerged. This author's second area 
of responsibility became, therefore, that of designing the 
shielding to be required for the reactor top, and that of 
performing shielding calculations to justify the proposed 
shield composition. The results of work done in this area 
are presented in Chapter 3 of this thesis. 

As stated at the beginning of this introduction, one 
of the primary purposes for redesigning the MITR was to 
accommodate a compact core configuration in order to obtain 
a large thermal flux peak in the reflector. However, 
almost by definition the achievement of a pronounced ther- 
mal flux peak in the reflector will be accompanied by a 
sharply increasing thermal flux gradient across the outer- 
most fuel plates. The outermost fuel plates will conse- 
quently generate a much higher power density than the 
inner fuel plates in the core. From the results presented 
in reference (1), it is reasonable to suspect that due to 
the sharply rising thermal flux gradient in the area of 
the outermost fuel plates, the reactivity coefficient due 
to coolant voiding in the channels adjacent to these fuel 
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plates may be positive. It, therefore, becomes imperative 
that boiling not be allowed to occur in the area of the 
outermost fuel plates, which is equivalent to saying that 
boiling must not occur anywhere in the core since the 
outermost fuel plates generate the most power. The maximum 
rate at which heat can be removed from the outermost fuel 
plates without allowing nucleate boiling to occur thereby 
sets an upper limit to the power density allowable in the 
outermost fuel plates, which in turn influence the maximum 
thermal flux peak which can be obtained in the reflector. 

It is this critical area of core heat removal which became 
this author's third and final area of responsibility. The 
results of work done in this area are presented in Chapters 
4 and 5 of this thesis. 
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Chapter 1 

DESCRIPTION OF EXISTING MITR COMPONENTS 

1. 1 General 

Before proceeding with a description of the design 
and calculational work which was performed as a part of 
the High Flux MITR Project, it seems appropriate to first 
present a brief description of those existing MITR compo- 
nents and systems which are the subject of redesign work 
presented in this thesis. The following information was 
taken from the operating manual for the MIT Reactor (2^), 
The operating manual should be consulted if more detailed 
descriptions are desired. 

1.2 Reactor Coolant Tank 

The reactor tank is 48 inches in inside diameter and 
has a wall thickness of 1/4 inch, except at the bottom 
where it is 3/8 inch thick. The overall height from the 
dished bottom shell to the top flange is 7 feet 5-3/8 
inches. The reactor tank is made of special high purity 
aluminum and has a design pressure of 4o psig. During 

I 

normal operation, however, the pressure in the tank above 
the coolant is only 1 inch of HgO above atmospheric pres- 
sure. The tank is shown in the vertical section through 
the reactor of Figure 1.2.1, and is also shown in Figure 

1 . 2 . 2 . 



I 

I 
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VERTICAL SECTION OF REACTOR 
FIGURE 1.2.1 





m 



I 
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I 

reactor core tank support 



FIGURE 1.2.2 
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Heavy water flows into the reactor tank through an 
8 inch diameter aluminum pipe, through the holes in the 
side of the inlet pipe cap and out into the entrance 
plenum. It then flows up through the fuel elements and 
out into the tank Itself. The DgO from all the fuel ele- 
ments flows out of the tank through a transition section 
which extends a short distance above the plenum head, and 
then through the 8 inch aluminum outlet pipe. The normal 
total coolant flow rate is approximately 2000 gallons per 
minute. 

The reactor tank is attached to the lower shielding 
plug by 24 one inch stainless steel socket head cap screws. 
The cap screvjs compress a hollow stainless steel 0 ring 
between the tank and the shield plug to provide a helium 
seal designed for 8o pslg. Consequently, if a high pres- 
sure is developed in the tank, the tank will rupture 
downward before the shield plug gives way. 

1.3 Shielding Above the Core 

1.3.1 Lower Annular Ring 

The lower annular ring (shown in Figures 1.2.1 and 
1.2.2) is a concrete-filled steel structure which is 56 
in. in inside diameter, approximately 8 ft. in outside 
diameter, and 4 ft. high. Its lower surfaces are covered 
V7ith 1/4 in. of boral. A 4 in. thick, water-cooled lead 
thermal shield lines the inner surface over the lower I 8 
in. There are conduits for thermocouple leads and helium 
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gas pipes, and 6 sleeves are provided for thimbles which 
slant into the graphite reflector. 

I 

1.3.2 Lower Shield Plug | 

The lower shield plug is a large cylindrical struc- 
ture, the bottom of which is lined with a 1/4 in. sheet 
of boral. Above the boral is a 1-1/8 in. steel plate, 4 
in. of lead provided with cooling colls, 29 in. of concrete 
a steel cover plate, a 6 in. space filled with paraffin and 
steel shot, and a 1-1/8 in. stainless steel top plate. The 
plug is penetrated by numerous sleeves for the concrete- 
filled steel shielding plugs which are part of the fuel ele 
ment and control rod assemblies. 

1.3.3 Upper Annular Ring 

The upper annular ring, together with the rotary plug, 
complete the biological shielding above the core tank. The 
three foot thick annulus is made of dense concrete encased 
in steel. Plugged holes are provided for access to the 
vertical thimbals which protrude through the lower annular 
ring and into the graphite region. The upper annulus is 
spaced 9-1/4 in. from the lov;er annulus by several support- 
ing blocks bolted to the lower annular ring flanges. 

1.3.4 Rotary Plug 

The heavy concrete rotary plug fits into the center 
of the upper annular ring and rests on a ball-bearing 
thrust ring. It is rotated by a drive motor and friction 
belt. When the plug is latched in its operating position. 




I 

I 
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the control rod racks can move upward into cylindrical 
slots in the bottom of the plug. To remove a fuel ele- 
ment, the control rods must be fully inserted and the ' 

1 

plug unlatched and rotated to the appropriate indexed 
position. The shielding plug directly over the fuel ele- 
ment position can then be removed. The entire rotary 
plug must be removed for access to the control rod drives. 
1.4 Fuel Element Assembly 

A fuel element assembly is shown in Figure 1.4.1 and 
consists of a fuel section supported by a lower adapter, 
an upper adapter and a shield plug. The 30 positions into 
which fuel assemblies can be inserted are indicated by 
numbers 1 through 30 in Figure 1.4.2. There is a central 
element position surrounded by an inner circle of 6 posi- 
tions, all spaced 6.375 in. center-to-center. These in 
turn are surrounded by an outer circle of 12 positions 
spaced 6.858 in. center-to-center. The 11 additional 
positions are located around the outside edge of the reac- 
tor tank. 

The fuel section consists of 18 curved plates assem- 
bled between two grooved side plates which are O.I 87 in. 
thick and 3.168 in. wide. Two nonfuel-bearlng outer 
plates are O.O 60 in. thick and are curved to a 5-1/2 in. 
radius. They are spaced O.II 7 in. apart to form 17 cool- 
ing water passages. 



THIMBLE PLUG 
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FUEL ELEMENT ASSEMBLY 
FIGURE 1.4.1 
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The fuel assembly shielding plug fits into a stepped 
steel sleeve embedded in the lower shield plug. The 
weight of the assembly rests on the step in the lower 
shield plug. This provides a convenient means of removing 
the fuel assembly through the tank top, and vihen in place 
the shielding properties are equivalent to that of the 
lower shield plug. The shield plug is securely latched 
into place by two small lugs which slide outward and 
engage a groove in the sleeve. The lugs are moved by turn- 
ing a square projection on a cam which bears against the 
lug. 

1,5 Control Rod Mechanisms 

The MITR has one regulating rod and six shim safey 
rods arranged in the core as shown by the solid black 
circles in Figure 1.4.2. The shim safety rod assembly is 
shoxm in Figure 1.5.1 and is described below. 

The absorber section is a hollow, double-walled, 
aluminum cylinder, 28 in. long and 2-1/4 in. in outside 
diameter, in which is sandwiched a 0.040 in. thick cadmium 
tube 2.15 in. in outside diameter and 26-1/8 in long. The 
absorber cylinder is connected to the magnet armature (a 

I 

nickel-plated soft iron disk) and dashpot by means of a 
spider-like section, thus permitting DgO to flow freely 
through the top of the cylinder as it drops. During a 
reactor scram as the absorber nears its fully inserted 
position, it is decelerated by a cushion of heavy water 
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figure 1.5.1 






I 
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which leaks off between a washer and the dashpot case 
with the assistance of coil springs in the dashpot. A 
1/4 in. thick disk of cadmium on the bottom of the dashpot 
shields the iron armature from neutrons.- 

The electromagnet consists of a silicon-insulated 
copper wire, wound onto a transite bobbin. It is fitted 
into an Armco magnet-iron housing which is enclosed by two 
stainless steel end plates. The magnet wires are connected 
to a threaded connector, which, when coupled with the racks 
forms a hei 'etically sealed unit. Magnet wires are led 
through a tube in the rack rod, then do\m the outside to 
a take-up real mounted at the top of the casing assembly. 

The rack is guided by the casing, and the escape of helium 
or D2O around the shaft is prevented by Styrene chevron 
packing. 

The rods are driven by a rack and pinion arrangement. 
The drive shaft from the pinion gear extends to the motor 
and gear box assembly at the utility shelf (see Figure 
1.5.2). The six drive shafts are arranged radially but 

I 

differ in length and arrangement in order to clear shutters 

and experimental facilities. All drive shafts are enclosed 

in sleeves from the utility shelf to the betv/een-plug space, 

4l 

and are sealed to limit the amount of A entering the air 



stream. 
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Chapter 2 

PRELIMINARY MECHANICAL DESIGN STUDIES DONE FOR PHASE I 



2.1 General 

In the early stages of the MIT reactor design project 
it was this author’s primary responsibility to attempt to 
find solutions to some of the many design problems criti- 
cal to the construction of a High Flux MITR. In so doing 
many design ideas were proposed, few of which gained 
acceptance by the entire design group. It is the purpose 
of this chapter to relate some of the design proposals 
which can be primarily attributed to this author, though 
at times when working with a design group it is admittedly 
difficult to distinguish which ideas are completely one's 
own from those which may have had their roots in, for 
example, a comment made at a design group meeting. It is 
felt that although a particular design scheme may not have 
appeared best for the MITR redesign, it may at some future 
date prove useful to another reactor design project, and 
therefore is worthy of description in this chapter. In 

I 

addition, the design proposals serve as a kind of chronology 
of mechanical design progress. 

2.2 Core Tank and Reactor Top Shielding Configuration 

The basic necked core tank design as finally adopted 

evolved from the compact core concept and short tank pro- 
posed in the original redesign sketches of Prof. T.J. Thompson 



32 



and first formally reported in August 1966 in a 22.90 
project report by D.M. Goebel (^) . The original purpose 
in designing a necked core tank was to provide for adequate 
shielding of the core during refueling operations. (Prior 
to the introduction of an enclosed refueling structure 
atop the reactor, it was proposed that there be a single 
refueling plug which would be removed during refueling 
operations. Without approximately 11.5 feet of D 2 O separa- 
ting the core from the reactor top, the radiation level 
would be prohibitive to workers in the area of the open 
refueling plug.) In order to accompolish the objective of 
providing adequate shielding during refueling operations, 
but at the same time to minimize the required DgO inventory, 
the concept of two rotating shield plugs was conceived and 
originally proposed by this author. This design concept, 
outlined in Figure 2.2.1 would utilize a 1-1/2 ft. thick 
lower shield plug fabricated of lead which would rotate 
around a track of aluminum rollers. Releasable latches 
would prevent the shield plug from beint "shot" upward by 
a sudden increase in reactor pressure. Inserted in the 
lower shield plug would be three 6 in. diameter removable 
lead plugs, so situated that by rotating the lower shield 
plug one of the smaller plugs would be caused to line up 
atop any desired fuel element. A tool Inserted from the 
reactor top through the upper shield plug could be used to 
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FIGURE 2.2.1 
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DOUBLE ROTATING SHIELD PLUG 




1 ^ 



I 

I 



34 



unlatch a 6 in. diameter lead plug, lift it out of its 
slot, and set it aside. The upper rotating shield plug 
would consist of 3 ft. of dense concrete, and would rotate 
on stainless steel rollers and contain three 6 in. diameter 
removable plugs similar to those of the lower shield plug. 
An inflatable boot would be located around the upper shield 
which could be deflated to allow the shield plug to rotate 
and inflated to act as a helium seal. (An Inflatable boot 
could be Installed around the lower shield plug if the 
upper shield plug should be entirely removed in order to 
perform maintenance on the control rod drive mechanisms, 
for example.) Both the upper and lower shield plugs would 
be cooled by duplicate D2O cooling coils cast into the 
shield plugs. When rotated to an Indexed position for 
reactor operation, the coolant lines in the shield plugs 
would be caused to line up with their respective supply 
lines in the annular rings. 

The refueling operation would proceed somewhat as 
follows ; One of three 6 in. diameter inserts in the lower 
shield plug would be unlatched and raised by a tool inser- 
ted from above. The lower shield plug would then be rota- 
ted to an indexed position aligning the opening in the 
lower shield plug over the fuel element to be removed. 

The 6 in. diameter plug could then be rested on the lower 
shield plug for convenience. Next the appropriate 6 in. 
diameter insert from the upper shield plug would be removed. 
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At this time, the insert would not he aligned with the 
opening in the lower shield plug. The refueling flask 

would be brought into position on the reactor top, the^ 

1 

upper shield plug rotated to an indexed position so as to 
align its opening above the fuel element to be removed, 
and the designated fuel element raised up into the refuel- 
ing flask. Once in the refueling flask, the fuel element 
could either be flipped end for end and reinserted into 
the reactor, or set aside while a new fuel element is 
placed into the core. The above procedure would be 
accomplished in reverse to complete the refueling operation. 

By utilizing the concept of a double, rotating shield 
plug, the reactor DgO tank would remain shaped similar to 
the present DgO tank (see Figure 1.4), Two important 
differences would be apparent, however. Although 4 ft. in 
diameter, the DgO tank would be shortened from 7-1/2 ft, 
to 6-1/2 ft. in height. The volume of DgO in the system 
would thereby be decreased by l4^. Contained within the 
4 ft. diameter outer tank would be an inner tank of diame- 
ter just sufficient to contain the core. This inner tank 
would extend the full length of the outer DgO tank and 
would be constructed of sufficient thickness of aluminum to 
be able to contain a sudden DgO vaporization resulting in 
4o psi overpressure in the core. As a consequence, the 4 
ft. diameter DgO tank need only be of sufficient strength 



I 



36 



to support the coolant contained within it. There are two 
major reasons for utilizing an inner tank to separate the 
core region from the reflector region. First is the 
possibility of maintaining the reflector DgO at a lower 
temperature than the coolant DgO, and thus make the reflec- 
tor DgO a better moderator. Second is that by separating 
the reflector from the core, the entire reflector region 
could be rapidly dumped of its DgO, thus creating a very 
important mechanism for reactor safety. 

Both the upper and lower annular rings would remain 
the same as in the present lOTR, and the core tank likewise 
would be supported as it is now. Such mechanical similari- 
ties v/ith the existing reactor would tend to reduce the 
cost of converting to the high flux MITR core configuration. 

The control rod mechanisms for the above described 
reactor tank configuration would extend through the lower 
annular ring in a manner similar to the present MITR 
design. The absorber section would protrude into the re- 
flector region adjacent to, but outside of the inner ‘tank 
wall. The control rod drive motors and connecting shaft 
work could remain and be used in their current positions. 
Maintenance could be performed on the control rod mechanisms 
by removing the upper shield plug, thus allowing a man to 
enter the area between the upper and lower annular rings. 
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From the above description it would appear as if the 
above described core tank design with a double, rotating 
shield plug mechanism has no drawbacks and should have been 
adopted. Where the above design fails is that it does not 
sufficiently conform to two of the design criteria mentioned 
in the thesis introduction which have played a major role in 
the selection of final mechanical designs for the High Flux 
MITR. These criteria are that the design selected should be 
the ultimate in simplicity, and should have no hidden 
mechanisms. The mechanics involved in the concept of a 
double rotating shield plug with an inflatable helium seal 
are not what could be described as simple, and the mechanisms 
associated with the lower rotating shield plug could be con- 
sidered as hidden. 

2. 3 Core Support Mechanism 

2.3.1 General 

Of major concern to the redesign of the MITR core area 
was the method by which the core is to be supported. It is 
possible that the core receive its primary support either 
from below or by being hung from above. The core support 
mechanism selected for use in the phase I High Flux MITR 
(designed by Mr. E. Barnett) supports the core from below. 

The overwhelming reason for the choice of this mechanism to 
support the core from below was safety. In the design of a 
reactor in which the sudden removal of a fuel element from 
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its core position would cause a reactivity addition on the 
order of 3 % in AK/K, as is the case for the High Flux MITR, 
it is imperative that each fuel element be supported in an 
absolutely foolproof manner ( 4 ), 

There is, however, one very compelling reason for 
wanting to support the core from above. The aluminum struc- 
ture necessary to support the core from below results in a 
loss on the order of 20 % in thermal neutron flux in the 
area below the core (^) . It is this area just below the 
core at which the beam ports "look". In addition, having 
the aluminum structure below the core results in an 
increased gamma flux seen by the beam ports due to the ther- 
mal neutron activation of Al^*^. 

2.3.2 Grid Support 

The first design proposed as a means of supporting the 
core from above is shown in Figure 2. 3.2.1. In this design 
the core is hung from a grid-like structure, the grid being 
supported either directly by the lower annular ring in the 
case of the double shield plug design, or from the base of 
the necked region of the core tank in the case of the necked 
core tank design. An adaptor which is capable of being 
attached to either end of the fuel element would be connec- 
ted by four aluminum rods to the corners of a rectangular 
plate. The plate would rest on top of the grid support bars 
when the fuel element is inserted into the core. A hinged 
cover would be lowered over the grid structure and latched 
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FIGURE 2.3.2. 1 
GRID SUPPORT 
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in order to hold the fuel element support plates down. 

There is both a major design concept advantage and a major 
disadvantage in this method of core support. The advantage 
is that with such a method both the core and the control 
elements are supported from the same structure, the lower 
annular ring. Therefore, should a major catastrophe (such 
as an airplane crashing into the reactor or an earthquake) 
occur in which the reactor structure was disturbed, having 
the core and control elements supported from the same 
structure would markedly increase the probability of their 
staying together; i.e., one should not fall without the 
other. The disadvantage to the above method of core sup- 
port is that there must be a space between each fuel element 
of width equal to the width of a grid support bar. The grid 
support bars must be approximately 1/4 in. wide in order to 
provide a sufficient area on which to rest the fuel support 
plates. This spacing would increase the core diameter by 
approximately 1-1/2 in. , thereby decreasing the core power 
density, thereby decreasing the thermal flux peaking in the 
reflector. 

2.3.3 Sliding Bar Support 

In order to support the core from above, but without 
the spacing between fuel elements required by the method 
of the preceeding section, a design utilizing sliding 
support bars was developed (see Figure 2. 3. 3.1). (A 
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design of this general type was proposed earlier by Dr. 
Thompson and Mr. Barnett.) Assuming for the sake of 
illustration, a 24 element core configuration, a system of 
l4 east-west and l4 north-south tracks would be constructed 
around the core. The tracks would be attached at one end 
to the outer tank wall and supported at the inner end by 
the inner tank wall plus a brace hung from the necked 
region of the reactor tank. On these tracks would slide 
the core support bars, seven bars for each quadrant of the 
core. Special frame type structures with keyhole indenta- 
tions would lock either end of the fuel elements and accept 
the sliding core support bars (figure 2. 3. 3.2). In order 
to refuel the support bars v;ould be withdraivn in such a 
manner as to allow only one fuel element to be released at 
a time. An interlock mechanism would prevent the with- 
drawal of support bars in any manner which would cause 
more than one fuel element to be released. The fuel ele- 
ment support structures being frame-type structures with 
openings on all sides, the DgO coolant would flow up through 
the core and out the sides of the support structure. 

Although not a necessity, the top of the support structure 
could be made solid in order to help prevent the DgO cool- 
ant (with its activity) from being circulated into the 

upper portion of the core tank after leaving the core. As 
shown in Figure 2. 3. 3. 3, the sliding support bar design 
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FIGURE 2.3.3.3 

SLIDING BAR SUPPORT- 
BARS WITHDRAWN 




.,’ould require that the control elements be angular shaped 
to conform to the outline of the core. 

The major shortcoming of the sliding bar support 
mechanism is the necessity to design an interlock which 
would be absolutely foolproof in preventing the accidental 
release of a fuel element. It can also be argued that 
this design certainly does not meet the "simplicity" design 
requirement. 

2.3.4 Safety Supports 

From a safety point of view, both the designs proposed 
in Sections 2.3.2 and 2.3.3 would be enhanced if some backup 
means of support were provided below each fuel element. For 
this purpose, a 1/4 in. aluminum rod set into the coolant 
entrance plenum would suffice. On top of the 1/4 in. 
aluminum rod would be a structure resembling a crow's foot 
which would act both to support the fuel element and to 
turbulate the coolant as it approaches the entrance to the 
fuel element. The support bar could be removed and replaced 
by a bar of different length should it be desired to change 
the height of any element in the core. The aluminum support 
bars serve only one function, that of acting as a backup to 
ensure that no fuel element is able to fall through the 
core. 

2.4 Control Rod Drive Mechanisms 

2.4.1 General 

One of the most difficult design problems encountered 
in the redesign of the MIT Reactor was the location of the 
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control rod drive mechanisms. Since it was desired to re- 
tain the present concept of a magnetic coupling between 

i 

the control absorber and withdrawal shaft, it became a 

i 

design premls that the control rod drive mechanism be de- 
signed in such a manner as to allov/ the magnet to be loca- 
ted as far from the core as possible, and if possible out- 
side the DgO tank. By doing so, it was hoped that magnet 
failures due to radiation damage and moisture corrosion 
could be eliminrted, or at least reduced markedly in compari- 
son with the rate of failures in the present MITR. The 
magnetic coupling between the control rod drive motor and 
the control absorber was envisioned to be either the general 
type used in the present MITR or a ma.gnetic clutch arrange- 
ment. Some of the proposed designs and locations for the 
control rod drive mechanisms are discussed in the paragraphs 
which follow: 

2.4.2 Absorber and Drive Mechanisms Outside Inner Core 
Tank 

The first control rod drive mechanism considered was 
merely a modification of the present mechanisms (see Figures 
1.2.1 and 1.5.1). In this design (shorn in Figure 2.2.1), 
the absorber would be located in the reflector region just 
outside the inner core tank. The absorber would be connec- 
ted by a shaft to the electromagnet coupling in such a 
manner that the magnet is always located inside the concrete 
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shielding of the annular ring and therefore also above the 
level of the reflector DgO. By locating the magnets away 
from the core in a shielded area above the DgO level, the 
only weakness in the present control rod design has been 
virtually eliminated. What remains is a control rod 
mechanism which has proven very reliable over the past 
eight years of reactor operation. The control rods could 
be removed for repair, or replacement of the absorber sec- 
tion by unlocking and pulling the entire control rod assem- 
bly up through the annular ring and out through the top of 
the reactor (after first removing the upper shield plug). 
Approximately ten control rods would be required to surround 
the core. For a description of the present control rod 
assembly, see Section 1.5 of this thesis. 

2.4.3 Drive Mechanism Through Annular Ring 

A modification of the control rod mechanism described 
in Section 2.4.2 v/as designed in order that the control 
absorber could be made to completely surround the core in 
the area immediately adjacent to the fuel elements, inside 
the inner core tank (see Figure 2.4. 3.1). As with the 
design of the preceedlng section, the control rod magnet is 
located up within the shielding area of the annular ring. 
Hov;ever, unlike the preceedlng design, it is necessary to 
provide a seal in order to prevent DgO from leaking up into 
the magnet area. This seal could take the form of a helium 



48 



FIGURE 2.4.31 
L- SHAPED DRIVE MECHANISM 
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pressure in and above the magnet area equal to the v/ater 
head below the magnet area. It would be necessary to 
circulate the helium in the magnet area to remove the DgO 
vapor which would otherwise build up in the helium atmos- 
phere surrounding the magnet area. 

The control rod drive mechanism would be identical 
to the mechanism used in the present MITR as far down as 
the magnet. The assembly below the magnet would consist 
of an "L"-shaped arm connecting the control absorber to 
the magnet armature. The absorber section would be pinned 
to the L-shaped arm so that in order to replace the absor- 
ber section it would be merely necessary to unpin the ab- 
sorber from the arm and lift it out through the necked 
region of the reactor tank. The elbow of the L-shaped arm 
would be hinged and contain a dual gear arrangement capa- 
ble of raising and lowering the "forearm". With the fore- 
arm in the fully raised position, the entire control rod 
drive assembly could be removed out through the reactor 
top. It can be noted at this point that should either the 
elbow of the L-shaped arm or the pin connecting the arm to 
the absorber section fail, the reactor would be shut down. 

As shown in Figure 2. 4. 3.1, a spring-type dashpot would 
slow the absorber support arm as it neared the base of its 
travel, and aluminum shields would guide the control ab- 
sorbers as they descend into the core. Eight arced sections 
of absorber would be used to surround the core. 
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2.4.4 Drive Mechanisms Above DgO Level 

In order to eliminate the complexity involved with 
having the control rod drive mechanisms penetrate through 
the annular ring of shielding, designs were proposed which 
would locate the magnets and drive mechanisms on the reac- 
tor top, entirely above the DgO level in the tank. Three 
possible design arrangements were proposed by this author. 

The first design proposed called for horizontally 
placed withdrawal mechanisms installed flush with the 
reactor top (Figure 2.4.4. 1). The control absorber would 
be attached to the magnet armature by a cable extending 
vertically to the surface of the DgO column, thence hori- 
zontally to the position of the armature. Eight curved 
absorber plates would form a cylindrical shell completely 
surrounding the core. The entire withdrawal mechanism 
assembly would be easily accessible through removable 
covers on the reactor top. The cable v;ithdrawal mechanism 
provides excellent protection for the magnet, but suffers 
one serious disadvantage. The absorber will only return 
to the core by the force of gravity. It cannot be driven 
into the core, thus ensuring that the absorber is, in fact, 
completely inserted to its furthest point. 

In order to provide for a means whereby the control 
absorber section could be driven into the core, a design 
was proposed whereby the withdrawal mechanisms would be 
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FIGURE 2.4.4. 1 

CABLE WITHDRAWAL MECHANISM 
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located directly above the absorber sections. The with- 
drawal mechanisms would be situated vertically atop the 
reactor top shielding and connected to the absorber sec- 
tions by solid aluminum rods (Figure 2. 4. 4. 2). As with 
the previous design, eight arced absorber sections would 
completely encircle the core. The shaft connecting the 
magnet armature with the control absorber would be compo- 
sed of two sections joined together by a screw-in fitting. 
The two sections could be disconnected at a position 
parallel to the reactor top, thus allowing a cover shield 
to be slid into place over the DgO column during fuel 
flipping and fuel changing evolutions. A key at the base 
of the x-/lthdrawal mechanism housing and a gear just belov: 
the armature would mate to allow the upper rod section to 
be unscrewed. The penetrations through the reactor top 
shielding for the aluminum rods would have to provide 
adequate clearance so as to guarantee that the aluminum 
rod would always be free to travel through the shielding. 

A pressure equalizing line would be required in order to 
euqalize the pressure of the area below the reactor top 
shielding with that in the area above the magnet. The 
equalizing line would be required to have a cross sectional 
area greater than the cross sectional area of the clearance 
surrounding the alumlmim rod as the rod passes through the 
reactor top shielding. The purpose of the pressure 



1 



53 



FIGURE 2.4.42 
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equalizing line v/ould be to ensure that a sudden increase 
in reactor pressure would not exert itself on the bottom 

of the magnet armature, thus using the armature as a pis- 

1 

ton to drive the control rods upv/ard. With the entire 
control rod withdrawal mechanism located on top of the 
shielded refueling enclosure, all components would be 
readily available for maintenance. 

A third design alternative proposed v;ould employ 
features of both the above designs. Vertical aluminum 
shafts would lead from the eight arced control absorber 
sections to Just above the DgO level in the necked tank. 

A horizontal shaft would be coupled to the vertical shaft 
by matching gears. The horizontal shaft would in turn 
lead to a magnetic clutch and thence to the control rod 
drive motor (Figure 2.4.4. 3). Upon interruption of elec- 
trical current, the magnetic clutch v/ould release the 
horizontal shaft, thus allowing it to turn freely and 
allowing the absorber to drop down into the core. With 
this arrangement, the absorber could also be driven into 
the core should the need arise for such a feature. It is 
a requirement that all of the gears connecting the horizon- 
tal and vertical control rod shafts turn freely at all 
times in order to be effective in a scram condition. Such 
a requirement could be presented as a design flaw. 

Hov/ever, it was felt that the probability of two or more 
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gear couplings jamming simultaneously v;as so small as to 
be nearly nonexistent. Any one of the eight control absor- 
bers would be sufficient to shut down the reactor. 

2.4.5 Drive Mechanisms for Inner Control Elements 

In reviewing the safety requirements for the High 
Flux MITR, it was decided by Dr. Thompson that sufficient 
control must exist to maintain the core in a subcritical 
condition, even if the core were to be filled with light 
water. In order to satisfy this requirement, Dr. Thompson 
suggested that the core should contain an inner ring of 
control elements. The necessity for an incore ring of 
control elements posed a considerable design problem. A 
mechanism which would not interfere with the removal or 
replacement of any fuel element, yet would provide for 
reliable control of the inner absorber elements was re- 
quired. The design proposed by this author is shown in 
Figure 2.4.5. 1. The inner control rod withdrawal mechanism 
would consist of tv/o concentric shafts. The inner shaft 
\vould be attached at its base to four pivoted support bars 
capable of swinging up or down. The support bars irould in 
turn be connected to the outer shaft by four aluminum rods, 
each pivoted at either end. The connection to the outer 
shaft would be accomplished by a clamp -type collar which 
would ride on threaded grooves cut onto a portion of the 
outer shaft. By rotating the outer shaft, the collar could 
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be caused to move upward or dovmward, thus raising or 
lowering the support bars. In their lov;ered (vertical) 
position the support bars would occupy an area above the 
center of the core no larger than the area of the cryostat 
planned for the center of the core. Consequently, the 
mechanism would not hinder the removal of any fuel element. 
In their raised (horizontal) position, the support bars 
would engage slots in the upper section of the inner con- 
trol elements. The entire mechanism would be raised in 
order to withdraw the inner control elements from the core. 
(It should be noted that the inner absorber elements would 
require followers in order to prevent the flux peaking 
which would occur if DgO were allowed to fill the space 
vacated by the absorber as the control elements are x^lth- 
drawn. ) The withdrawal mechanism would utilize a magnetic 
coupling and be constructed identical to the withdraxml 
mechanisms for each of the absorber sections for the outer 
control elements. 

2.5 Refueling Mechanism 
2.5.1 General 

The initial design concept for refueling and fuel 
flipping was to employ a refueling flask with a self- 
contained flipping mechanism. However, after the concept 
of a permanent, enclosed refueling and fuel flipping 
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facility to be located directly above the core tank on 
the reactor top was proposed by Mr. Barnett, a new area 
for design was created. This author set about the task 
of developing a refueling and fuel flipping scheme which 
could be used in such an enclosure. In the process, two 
quite similar designs were developed, each of which is 
described belov;. 

2.5.2 Fuel Flipper Above Core Tank 

In order to provide a means of rotating a fuel element 
end for end a rotating table was designed to be mounted 
vertically against a side wall of the refueling enclosure. 
On the rotating table would be a bracket designed to accept 
a fuel element. Directly belov/ the rotating table would be 
another bracket designed to accept the lower adapter unit 
of the fuel element. To one side of the D 2 O column would 
be a horizontal shute through which fresh fuel would enter, 
and a dowmvard sloping shute through which spent fuel ivould 
be discharged into a small DgO filled spent fuel pool. A 
leaded glass v/lndow would be provided in the side wall 
opposite the rotating table in order to provide an operator 
with visual access to the refueling cavity during refueling 
or flipping operations. A refueling/fuel flipping sequence 
would proceed somewhat as follov/s (assuming control rod 
drives to be located atop the refueling enclosure) : A fuel 

grabbing tool would be inserted into the reactor tank from 
the reactor top, latch onto the desired fuel element, and 
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FIGURE 2.5.2. 1 
FUEL FLIPPER MECHANISM 
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pull it up into the refueling enclosure. Meanwhile the 
control rod drive shafts would he disconnected at the 
surface of the DgO and the upper portion of the drive 
shaft withdraivn into the withdrawal mechanism housing. A 
2 in. thick lead shield would next be slid into position 
above the D 2 O column. The lead shield would serve to 
prevent the fuel element from falling back into the reactor 
core area should it accidentally become unlatched. (The 
lead shield would also assist in isolating the refueling 
enclosure from the core while performing maintenance on 
any of the refueling or control rod drive mechanisms.) 

With the lead cover in place, a clamping tool would be in- 
serted through the side of the refueling enclosure and 
clamp the fuel element to the rotating table. Once secure, 
the tool used to raise the fuel element out of the core 
v/ould be disconnected and removed. Another tool would be 
inserted into the refueling enclosure to pull out the pins 
connecting the fuel element to its adapter. Once the pins 
are pulled, the adapter would be allowed to drop down tv/o 
Inches, thus giving the fuel element sufficient clearance 
to rotate away. If the fuel element were to be replaced, 
the table v/ould rotate to align the fuel element with the 
chute to the spent fuel pool, the element would be dis- 
charged, and table rotated to receive a new fuel element 
from the horizontal chute. If the fuel element were to be 
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flipped, the table would simply be rotated l8o°. The 
remainder of the refueling/flipping operation would be 
the reverse of the above. The lower adapter would be 
raised and attached to the fuel element, the fuel retrac- 
tion/loading tool attached to the fuel element, the fuel 
element and fuel element adapter clamps removed, the lead 
shield cover removed from the tank top, the control rod 
drive shafts reconnected, and the fuel element lowered 
into its respective position in the core. 

After allov/ing a spent fuel element sufficient time 
to cool (radiation wise), the spent fuel pool would be 
drained and the fuel element removed through a plug in the 
refueling enclosure shielding, and thence taken to the 
main spent fuel pool in the reactor building basement. 

2 . 5.3 Fuel Flipper Away from Core Tank Top 

In order to remove the fuel flipping operation from 
the area directly above the core, a modification to the 
design of the preceeding paragraph v;as proposed. This 
design is shown in Figure 2. 5. 3.1. The purpose in remov- 
ing the mechanisms involved in fuel flipping/refueling from 
the area Immediately above the core to an area v/hich could 
be Isolated from the space directly above the core was to 
produce a design whereby maintenance could be performed on 
the fuel flipping/refueling mechanisms lArhlle the reactor 
vjas operating at full power. In this manner it was 
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anticipated that reactor down time necessitated by mainten- 
ance and repairs could be minimized. 

The rotating table would be separated from the area 
above the core tank by a 6 in. lead shielding wall. A 
removable lead shutter in the center of the shielding wall 
would raise to allow a fuel element and its lower adapter 
to pass from the core tank area to the rotating table. The 
fuel element clamping tool would extend through the center 
of the shaft of the rotating table. The clamping tool for 
the fuel element adapter would penetrate the shielding wall 
just below the rotating table. Instead of being discharged 
into a small spent fuel pool on the reactor top, spent fuel 
would be removed through a refueling door into a small fuel 
element transport flask and transported directly to the 
large spent fuel pool in the reactor building basement. 

Fresh fuel elements would also enter the refueling enclosure 
through the refueling door. Two leaded glass windows would 
be provided to enable visual observation and control of the 
entire refueling/f lipping process. One window would be in 
the wall adjacent to the DgO column, facing the rotating 
table. The other would be in the enclosure containing the 
rotating table, facing the refueling door. 

2.6 Underwa,ter Periscope 

While visual access to the refueling enclosure would 
be provided by one or more leaded glass v/indov;s placed in 
the walls of the refueling enclosure, it is also desirable 
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that a means he provided for looking do\m into the core 
itself. Being able to see the core x^rould be a necessity 
during refueling operations, and in addition would be 
valuable for instructional purposes. It would be possible 
to locate a leaded glass wlndov; in the upper corner of the 
refueling enclosure, angled downv/ard in such a manner as 
to allow one to observe the core. However, with such an 
arrangement one would not get a clear view of the core as 
a result of attempting to look through a gas -liquid inter- 
face at the core tank surface. During reactor operation, 
the liquid (DgO) surface would be turbulent due to the 
rapid circulation of the coolant. The turbulence alone 
would hamper vision, but in addition it is necessary to 
shine a light down into the coolant tank in order to see 
the core. Some of this light would be reflected back from 
the coolant surface, thus creating xvhat would be the major 
hindrance to clear observation of the core. 

In order to eliminate the difficulties mentioned in 
the previous paragraph associated xvith observing the core 
by? v;ay of the refueling enclosure, a retractable periscope 
was designed. As shoxvn in Figure 2. 5. 2.1, the periscope 
is mounted at an angle in such a way that when fully inser- 
ted into the core the outside end of the periscope remains 
above the level of the coolant. In this manner the connec- 
tion betv/een the periscope and the vertical viewing tube is 
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not required to span a liquid interface. liJTien retracted, 
the tip of the periscope would be flush with the edge of 
the coolant tank wall, thereby eliminating any interfer- 
ence to the insertion or removal of components in the 
area of the periscope. Although the entire core would be 
visible when looking through the periscope, the mirror 
ii^hich extends into the tank would be able to pivot in 
order that one might scan for some distance up the sides 
of the core tank wall. The periscope would have its own 
self-contained light source. The light source would be 
located at the base of the periscope, v;ell removed from 
the intense radiation area, and project its light onto the 
core via a mirror near the periscope tip. One would look 
into the periscope through a vertical vle\-/lng tube which 
would extend to a height of 4 ft. above the periscope. 
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Chapter 3 

SHIELDING CALCULATIONS 

3. I General 

The reactor top shielding design and supporting calcu- 
lations were originally done for the phase one reactor 
design. This chapter will first present, therefore, the 
shielding design and calculational v;ork done for a DgO 
moderated, cooled, and reflected core in some detail. 

When the core moderator and coolant were changed to light 
water, a new set of shielding calculations was required. 
Since the method and reasoning employed in the phase two 
calculations was exactly the same as that employed for the 
phase one calculations, phase two calculations will not he 
reported in detail, hut rather a summary of required 
shielding and calculated dose rates will he given in Sec- 
tions 3.7-3. 9. 

In phase one, based on the assumption that the reactor 
top shielding design would consist of an enclosure similar 
to that shown in Figure 3.1.1, it v;as necessary to deter- 
mine hoth the composition and thickness of the shielding 
which would he required. As the calculations of this 
chapter will shov;, no major shielding problems were encoun- 
tered. Such was not known in the early stages of the 
design project, however. It v/as anticipated that shielding 
requirements during reactor operation might he dictated. 
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